Primary immune thrombocytopenia (ITP), until recently referred to as idiopathic thrombocytopenic purpura (ITP), is an acquired autoimmune disorder defined by isolated thrombocytopenia (platelet count <100x 10 9 /l) and the exclusion of other causes of thrombocytopenia.
Overall, approximately 40% of patients with ITP have a reduced platelet turnover. [18] [19] [20] In keeping with this finding, autoantibodies against platelet glycoproteins have been shown to interfere with the maturation of megakaryocytes, resulting in reduced platelet production. 21, 22 Furthermore, most megakaryocytes found in ITP show ultrastructural features of apoptosis or para-apoptosis and these morphological changes can be induced in cultured megakaryocytes with ITP plasma. 23 In vitro studies have shown that antibodies that target the platelet glycoprotein (GP) Ib-IX-V complex may induce thrombocytopenia by inhibiting megakaryopoiesis 22,24 and proplatelet formation.
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A Novel Therapeutic ApproachThrombopoietic Agents
Most traditional treatments for ITP aim to suppress the production of autoantibodies and/or inhibit macrophage-mediated destruction of opsonised platelets. However, as discussed above, several patients have impaired platelet production rather than increased platelet destruction. Additionally, ITP patients have normal or slightly elevated TPO levels, whether measured in plasma or serum. The levels are always lower than the concentrations found in thrombocytopenias resulting from megakaryocytic hypoplasia. [26] [27] [28] The reasons for this finding have not been elucidated, but probably involve active TPO uptake and destruction by the expanded megakaryocyte mass in ITP.
On these grounds, growth factor stimulation of megakaryopoiesis was expected to increase the platelet count in patients with ITP and was investigated in clinical trials. First-generation TPOs included recombinant human TPO (rhTPO) and a non-glycosylated, truncated form of TPO coupled to polyethylene glycol. The recombinant protein -megakaryocyte growth and differentiation factor (MGDF) -had important differences compared with native TPO that probably explained its immunogenic potential. 29 When administered subcutaneously to platelet donors, some of the donors produced antibodies against MGDF that cross-reacted with endogenous TPO, thereby causing severe thrombocytopenia. 30 This adverse event led to the discontinuation of clinical research with both MGDF and the full-length form of TPO.
Despite this, early reports of the use of pegylated recombinant human MGDF suggested that megakaryocyte stimulation may actually be effective in ameliorating the thrombocytopenia associated with ITP. 31, 32 This lent further support to the use of second-generation thrombopoietic agents. The theoretical advantage of the secondgeneration TPO-R agonists, also referred to as TPO-R agonists, is that they bear no structural similarity with native TPO and should not trigger auto-immune anti-TPO antibodies as is the case with pegylated-MGDF. These novel agents include TPO peptide agonists, TPO non-peptide agonists and TPO agonist antibodies. All of these bind to and activate the TPO receptor in different ways. 29 All have been engineered to have unique pharmacological attributes.
The molecules for which clinical trials in patients with chronic ITP have been completed are romiplostim -a subcutaneously administered TPO-R peptide agonist and eltrombopag -an orally bioavailable, non-peptide TPO-R agonist (see Table 1 ). Clinical trials investigating another non-peptide agonist, AKR-501, in chronic ITP patients have recently been initiated.
Immune Thrombocytopenia than the peptide alone. 34 The peptide component binds to and activates the human TPO-R in a similar manner to endogenous TPO via activation of signalling pathways, including tyrosine phosphorylation of TPO-R, janus kinase 2 and signal transducer and activator of transcription 5 (STAT5). 35 The peptibody exerts a dose-dependent effect on the growth of megakaryocytic colony-forming units from murine marrow cells. It also increased megakaryocyte ploidy and maturation in vitro.
Furthermore, it effectively competed with TPO for binding to human TPO-R in vitro.
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Phase I-II Clinical Trials
In healthy volunteers, single intravenous or subcutaneous doses of romiplostim ranging from 0.3 to 10.0μg/kg and from 0.3 to 2.0μg/kg, respectively, were well tolerated. The drug-induced dose-dependent increases in platelet counts, with peak counts being achieved on days 12-16.
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Two phase I-II clinical trials were conducted in the US 36 and Europe 37 in splenectomised adult patients with ITP. Platelet response was defined as a doubling of the baseline platelet count to between 50 and 450x10 9 /l.
In phase I of the US study, 36 seven of 12 patients treated with romiplostim 3, 6 or 10μg/kg achieved platelet counts within the target range. Three of the patients achieved counts above the target range (i.e. >450x10 9 /l). In phase II of the same trial, 21 patients were randomly assigned to receive six weekly subcutaneous injections of romiplostim (1, 3 or 6μg/kg) or placebo. However, the highest-dose cohort was closed after the platelet count increased to 520x10 9 /l in one patient on day 21.
In the European study 37 
Phase III Studies
Two similarly designed, multicentre, randomised, placebo-controlled, double-blind phase III trials were conducted in parallel. One trial enrolled patients with a prior splenectomy (n=63) and the other enrolled patients who had not undergone splenectomy (n=62). 38 Both trials included adult patients who had chronic ITP, a mean of three platelet counts ≤30x10 9 /l despite treatment for ITP and were over 18 years of age. Patients were randomised 2:1 to receive romiplostim (n=42 splenectomised, n=41 non-splenectomised) or placebo (n=21 in each study) once weekly for 24 weeks.
The primary end-point was a durable platelet response. This was defined as a weekly platelet count of ≥50x10 9 /l at a weekly study visit for six or more of the final eight weeks of treatment. Secondary objectives included:
• adverse events;
• proportion of transient responses (four or more weekly platelet responses without a durable platelet response from week 2 to 25);
• changes in concurrent ITP therapies;
• number of weekly platelet responses;
• proportion of patients receiving rescue medications; and Data pooled from the two trials mentioned above, adjusted for splenectomy status, showed significant improvement in health-related quality of life (HRQoL) in patients treated with romiplostim. 39 In a recently-published trial, non-splenectomised patients with ITP
were randomly assigned to either the standard care medications prescribed by their treating physicians or weekly romiplostim injections. 40 The study enrolled 234 adult ITP patients at 85 sites in North America, Europe and Australia. Treatment was considered to be ineffective if platelet levels remained low (≤20x10 9 /l) for four consecutive weeks or if participants experienced major bleeding events or required changes in therapy, including splenectomy.
Thrombopoietin Receptor Agonists as a Novel Treatment for Immune Thrombocytopenia
At the end of the 52-week study period, participants receiving romiplostim achieved and maintained desirable platelet levels at 2.3 times the rate of those on standard care. 40 Romiplostim treatment was at least three times as effective as other treatments and participants receiving the drug had a 90% reduction in the need for splenectomy. Serious adverse events occurred in 23% of patients receiving romiplostim and 37% of patients receiving standard care. 40 
Long-term Extension Study
Patients were eligible for the open-label, multicentre extension study if they had completed a prior study using romiplostim for the treatment of chronic ITP (regardless of whether they had received romiplostim or placebo) and had a platelet count ≤50x10 9 /l. 41 Those who had previously received romiplostim were initially given the same dosage of the drug as they received in the prior study. They were given 1μg/kg/week if >24 weeks had elapsed since their last dose or they had previously received placebo. The romiplostim dosage was adjusted throughout the study, depending on platelet response; the target platelet count range was 50-250x10 9 /l. Patients could continue to receive stable dosages of concurrent ITP medications (corticosteroids, azathioprine or danazol). The three-year update analysis included 143 enrolees, with a median age of 53 years, 60%
splenectomised and 22% on concurrent ITP therapy at baseline. Of these patients, 142 were treated with romiplostim (mean duration 69 weeks). 41 Platelet responses (platelet count >50x10 9 /l and double baseline) were observed in 87% of all patients and occurred on average 67% of the time in responding patients. The mean (±SD) of the average weekly dose was 5.9±3.9μg/kg. In 77% of patients, the romiplostim dose remained within 2μg/kg of their most frequent dose at least 90% of the time. Ninety patients (63%) received treatment by self-administration.
Safety
In the phase I-II ITP studies, the most frequently reported event was mild to moderate headache. 42 In the phase III trials, serious
Immune Thrombocytopenia treatment-related adverse events occurred in two romiplostimtreated patients. 38 After seven weeks of treatment, increased bone marrow reticulin (thought to result from increased transforming growth factor-β released from megakaryocytes within the bone marrow) was noted in one patient. This particular patient had bone marrow reticulin present at baseline and was unresponsive to romiplostim treatment. Reticulin returned to baseline 14 weeks after discontinuation of romiplostim. Similar reversible increases in bone marrow reticulin have been noted previously in animals and humans exposed to other thrombopoetic agents (rhTPO, interleukin [IL]-3 and IL-11). 43 However, in a mouse model expression of a constitutively active mutant TPO-R, TPO-RW515A, resulted in the development of a myelofibrosis-like disease. 44 The second patient with a serious treatment-related adverse event was a man 82 years of age who experienced a right popliteal arterial embolism. This patient, who had a history of extensive peripheral vascular disease and atrial fibrillation, underwent successful embolectomy and anticoagulation treatment and continued the study.
In the long-term extension study, romiplostim was generally well tolerated by patients. 41 Eight patients were found to have bone marrow reticulin present or at increased levels. Six of these patients had mild to moderate reticulin reported (grade 2 or lower or within the normal range). Follow-up bone marrow biopsies in two patients revealed that one patient showed improvement in the amount of reticulin present over time, while the other patient had no change. All of the patients affected continue to be monitored for clinical signs of any progressive bone marrow abnormalities.
To date there has been no evidence of progression to collagen fibrosis, myelofibrosis or clonal myeloproliferative disorder. The incidence and clinical significance of bone marrow reticulin, as well as the extent of regression that occurs following discontinuation of romiplostim treatment, will have to be followed closely in future studies of patients with ITP treated with romiplostim.
Twelve thromboembolic events were reported in seven patients (5%) on long-term treatment with romiplostim. Six of these had pre-existing risk factors for thrombosis including congestive heart failure, antiphospholipid antibodies, coronary artery disease, hypertension, cancer and/or a history of thrombotic events. Five thromboembolic events were assessed as being serious treatmentrelated events:
• one patient with myocardial infarction;
• one patient with portal vein thrombosis and deep vein thrombosis;
• one patient with transverse sinus thrombosis; and
• one patient with thrombosis (thrombosed inflammatory fibrosis at the site of a central line).
Thromboembolic events did not appear to be related to higher than normal platelet counts, with most events occurring at counts below the median peak platelet count (167x10 9 /l). All of the events resolved. One patient developed transient neutralising antibodies to romiplostim, but these did not cross-react with endogenous TPO or affect the platelet response. There were no clinically significant changes in laboratory parameters, blood coagulation or platelet aggregation in any of the studies.
Eltrombopag
Pharmacology
Eltrombopag (formerly SB497115) is a non-peptide TPO-R agonist developed by GlaxoSmithKline (see Table 1 ). It is administered as a daily oral tablet. In pre-clinical studies, eltrombopag was shown to stimulate human megakaryocyte differentiation and proliferation in a dose-dependent manner via stimulation of the TPO-R. Eltrombopag displays high receptor-specific and species-specific binding selectivity for human TPO-R. The response of normal human TPO-R has been elucidated by measuring growth and differentiation of human bone marrow in vitro: these studies demonstrated human and chimpanzee-specific activation of TPO-R-expressing cells via activation of STAT5. 45 By contrast, no eltrombopag-induced platelet activation was observed in other species tested, including cynomolgus macaques, rhesus monkeys, pigs, dogs, ferrets, rabbits, rats and mice. 46 The mechanisms leading to activation of the TPO-R on eltrombopag proteins. 47 Since eltrombopag and TPO do not bind to the same site, competitive binding is avoided and eltrombopag and TPO confer additive cell-signalling effects. 48 The pharmacokinetics of eltrombopag were studied in a phase I study in healthy volunteers and in ITP patients. 49, 50 The terminal t½ averaged more than 12 hours on day 10 across all doses, with the exception of the 5mg dose (which had a t½ of nine hours). Limited pharmacology data suggest that in patients of East Asian ethnicity, exposure to eltrombopag expressed as area under the serum concentration-time curve was approximately 70-80% higher than in non-Asian patients who were predominantly Caucasian. An initial dose decrease to 25mg/day is therefore recommended in East Asian patients.
51
Phase I-II Clinical Trials
Eltrombopag increased platelet counts in a dose-dependent manner in healthy, non-Asian adults, but the drug only appeared to be active at doses >20mg. 49 A consistent increase in platelet count started after eight days of repeat dosing with eltrombopag and the time from first dose to peak platelet count was 16 days. By day 22 (12 days after the last dose of eltrombopag) platelet counts had returned to baseline values, with no evidence of rebound thrombocytopenia following discontinuation of treatment. Eltrombopag did not prime platelets for activation and did not adversely affect platelet function. 52 In a phase II, placebo-controlled, double-blind trial, the platelet counts of 118 patients with chronic ITP were analysed after six weeks of daily oral treatment with placebo or eltrombopag at doses of 30, 50 or 75mg. 53 There was a dose-dependent increase in the proportion of responders, with a statistically significant effect in the 50 and 75mg arms compared with placebo. The median platelet count on day 43 was 16x10 9 /l in the placebo group and 26x10 9 /l, 128x10 9 /l and 183x10 9 /l in the 30, 50 and 75mg groups, respectively. Furthermore, there were fewer bleeding events in those receiving the 50mg (7%) and 75mg (4%) doses than in those receiving placebo (14%) or 30mg eltrombopag (17%). The occurrence of bleeding symptoms gradually
returned to baseline levels during the six weeks of follow-up, as the platelet counts returned to near-baseline levels. 51 
Phase III Studies
The subsequent phase III trial (TRA100773B) demonstrated similarly positive results. 54 This randomised, double-blind, placebo-controlled study enrolled 114 adults with chronic ITP and baseline platelet counts of <30x10 9 /l. These patients were randomised to standard care plus either placebo (38 patients) or eltrombopag 50mg (76 patients) once daily for six weeks. The eltrombopag dose could be increased to 75mg in patients not responding after the initial three weeks of treatment. All patients had received prior ITP treatment and 52% had received at least three prior therapies.
At the end of the trial, 16% of placebo patients and 59% of eltrombopag patients achieved the primary end-point (platelet count ≥50x10 9 /l), with median counts of 18x10 9 /l in the placebo arm and 69x10 9 /l in the eltrombopag arm. 54 Importantly, there was a significantly lower incidence of bleeding events during treatment with eltrombopag compared with placebo (p=0.029), with clinically significant bleeding (World Health Organization [WHO] grades 2-4) observed in fewer eltrombopag patients (16%) than placebo patients (36%). 54 The RAndomized placebo-controlled Idiopathic thrombocytopenic purpura Study with Eltrombopag (RAISE) phase III trial that assessed the safety, efficacy and tolerability of eltrombopag in a long-term treatment setting (up to six months) has been completed. 55 Adult patients with previously treated chronic ITP and who had baseline platelet counts <30x10 9 /l were randomly allocated in a 2:1 ratio to eltrombopag (n=135) or placebo (n=62). The primary endpoint was the odds of responding during the entire six-month treatment period.
Eltrombopag increased and maintained platelet counts during the study period irrespective of splenectomy status, baseline platelet counts and concomitant ITP medication. 55 By contrast, platelet counts remained low in patients receiving placebo, despite the use of rescue treatment in 40% of those participants. Patients assigned to eltrombopag were approximately eight times more likely to achieve target platelet counts ranging from 50-400x10 9 Immune Thrombocytopenia 
Safety
No serious adverse events were reported during the phase I study in healthy adults. Within the controlled clinical studies, adverse events were mostly mild to moderate. 49 The rate of serious adverse events was similar between the study groups (12% in the placebo group and 11% in the eltrombopag group).
Aggregate results from the placebo-controlled clinical trials reveal that patients in the eltrombopag arm were more likely to experience nausea (6 versus 4%), vomiting (4 versus 3%) and menorrhagia (4 versus 1%). 51 Headache was the most common adverse event in both groups (≥30%). A higher incidence of serum liver test abnormalities, more specifically alanine transferase (ALT) elevations, was reported in the eltrombopag group. Approximately 5% of eltrombopag-treated patients experienced ALT ≥3 times the upper limit of normal compared with 2% of placebo-treated patients. 59 Approximately 2% of patients withdrew from the study due to elevations in ALT or bilirubin.
Liver toxicities were typically mild, reversible and unaccompanied by clinical symptoms; some patients had more marked elevations and discontinued therapy. For this reason, it is prudent to monitor liver function tests periodically, every four weeks or so, even in patients on long-term eltrombopag.
In the controlled studies, one thrombotic/thromboembolic complication was reported within the groups that received eltrombopag and none within the placebo groups. 53 Seven patients experienced thrombotic/thromboembolic complications in the extension study. 60 Data collection across all ITP studies indicate that the frequency of thromboembolic events observed during eltrombopag treatment (3.8%)
is similar to that reported in the literature and prior to enrolment in the eltrombopag programme (3.2%). 61 Importantly, no correlation has been observed between platelet count increases or maximum platelet counts and thromboembolic events.
Serious haemorrhages occurred in two patients receiving eltrombopag, one patient receiving placebo and five patients following discontinuation of eltrombopag. Most of these patients had developed rebound worsening of thrombocytopenia (platelet counts <10x10 9 /l) prior to the serious haemorrhagic episode. 51 However, from a recent analysis of safety data from the ITP programme 8% of patients treated with eltrombopag (n=20) and 8% of patients treated with placebo (n=10) experienced drops in platelet counts to <10x10 9 /l. 62 It is unclear at this time whether these decreases may be The major concern about the use of these new drugs beyond six months is the lack of long-term safety data. As a matter of fact, the European Medicines Agency has restricted the use of these agents to patients refractory to splenectomy or in those with contraindications to splenectomy.
A recent consensus report on the diagnosis and management of ITP is the first official document trying to position these new drugs in therapy. 10 Eltrombopag and romiplostim are the only drugs for which efficacy has been demonstrated in randomised phase III trials. They are therefore recommended with the strongest level of evidence as medical second-line treatment options for adult ITP patients (as opposed to the surgical option, i.e. splenectomy). They are also recommended as the subsequent line of therapy for adult patients failing first-and second-line therapies.
Apart from their efficacy prior to and after splenectomy, the new thrombopoietic agents are appealing for a number of reasons. These include the fact that:
• they are not blood products, thereby avoiding the potential risk of infectious diseases;
• unlike most of the current conventional therapies they are not immunosuppressive; and 
